Background: Previous studies have investigated the association between single nucleotide polymorphisms (SNPs) located in microRNAs (miRNAs) and breast cancer susceptibility; however, because of their limited statistical power, many discrepancies are revealed in these studies. The meta-analysis presented here aimed to identify and characterize the roles of miRNA SNPs in breast cancer risk, and evaluate the associations of polymorphisms in miR-146a rs2910164, miR-196a rs11614913 and miR-499 rs3746444 with breast cancer susceptibility, respectively.
Introduction
MicroRNAs (miRNAs) are non-coding RNA molecules that can act as tumor suppressor genes or oncogenes [1] . There are more than 1000 miRNA genes in the human genome [2] [3] [4] , which regulate the translation or degradation of human messenger RNA (mRNA) by sequence complementarity [5] [6] [7] . MiRNAs regulate approximately 30% of human genes [8] . The genetic variants of a miRNA may affect its biogenesis and maturation [9, 10] , which are causally linked to the pathogenesis of numerous diseases, including cancer [11, 12] .
Several miRNA polymorphisms have been reported to affect miRNA processing or miRNA-mRNA interactions [12, 13] . Single nucleotide polymorphisms (SNPs) in miRNAs can be used as genetic markers to predict breast cancer susceptibility or prognosis. For example, a significant association was identified between polymorphism rs11614913 in miR-196a2 and breast cancer risk [14] . Breast cancer patients with the variant C allele in miR-146a produced higher levels of mature miR-146, which may predispose women to an earlier age of onset of familial breast cancer [15, 16] . The variant genotypes rs3746444 in miR-499 were also reported to be associated with significantly increased risks of breast cancer [17] . The rs6505162 with the CC genotype in miR-423 could reduce the risk of breast cancer development [18] . Nevertheless, some SNPs in miRNAs showed no association with breast cancer risk [19, 20] . Catucci et al. reported that the SNPs rs11614913 in miR-196a2, rs3746444 in mir-499 and rs2910164 in miR-146a were not related to breast cancer risk [19] . Jedlinski's study also did not support the association of polymorphism rs11614913 in miR-196a2 with breast cancer susceptibility [20] . Thus, there are many discrepancies concerning the relationship between SNPs in miRNA (miR-146a, miR-196a2, and miR-499) and breast cancer susceptibility, which may be attributed to sample sizes, different ethnic group and different miRNAs studied.
Meta-analysis is statistical methods for contrasting and combining results from different studies, in the hope of identifying sources of disagreement among those results [21] . A meta-analysis allows derivation and statistical testing of overall factors and effect-size parameters, which can identify whether a publication bias exists or whether the results are more varied than what is expected from the sample diversity. Though several meta-analysis studies evaluating the roles of miRNA gene polymorphisms in cancer have been published, few meta-analysis studies have assessed the associations of three SNPs of miR-146a, miR-196a and miR-499 with breast cancer susceptibility. Therefore, we selected these three SNPs in this meta-analysis, according to two basic principles as established in a previous study [22] : first, the minor allele frequency of the SNP was not less than 5%; Secondly, only functional SNPs were selected. This meta-analysis aimed to resolve the discrepancies among the results of the associations of these miRNAs (miR-146a, miR-196a2, and miR-499) with breast cancer susceptibility.
Materials and Methods

Eligible studies and data extraction
PubMed and Embases databases were searched with the following terms: ''breast cancer/carcinoma'', ''polymorphism/ variant'', ''miR-146a/rs2910164'', ''miR-196a2/rs11614913'' or ''miR-499/rs3746444''. The searched articles, published in English language updated to 31 st December, 2012, were limited to human species, female sex and cancer subjects of adult patients (19+ years). All the titles and abstracts of searched articles were reviewed to exclude clearly irrelevant studies. The full texts of the remaining articles were read, and a manual search of the references from original studies was performed to identify additional articles of the same topic.
All the case-control studies were studied according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) as a previous report [23] . The specific inclusion criteria as follows: (1) Case-control studies: cases are patients newly diagnosed with breast cancer, and the controls were subjects without breast cancer; (2) Odds ratios (ORs) with their 95% confidence intervals (95% CIs) are calculated from correct and sufficient polymorphism distribution data; (3) Correct statistical analysis. The strict exclusion criteria were: (1) Pure cell studies, non-breast cancer studies; (2) Articles that are not casecontrol studies; (3) Repeated or overlapped studies; (4) Articles with obvious mistakes.
Two reviewers (Zong-Hua Gao and Xin-Xin Li) extracted data independently using standardized forms. The following characteristics were collected from each study if available: (1) publication year; (2) first author's name; (3) country origin; (4) ethnicity were categorized as Caucasian, and non-Caucasian; (5) genotyping methods; (6) total numbers of cases and controls; (7) miR-146a, miR-196a and miR-499 polymorphism distribution data, respectively; (8) P value for Hardy-Weinberg equilibrium (HWE) of controls. In case of disagreement, another reviewer (Zhong-Hua Jiang) resolved these disagreements according to the original data.
Statistical analysis
Deviation in the controls of all studies from HWE tests were carried out online using a web-based program (http://ihg.gsf.de/ cgi-bin/hw/hwa1.pl), and P value ,0.05 was considered significant. The ORs with their corresponding 95% CIs (homozygote comparison, heterozygote comparison, dominant model and recessive model, respectively) were calculated to analyze the associations of polymorphisms (rs2910164 in miR-146, rs11614913 in miR-196a2 and rs3746444 in miR-499) with breast cancer susceptibility. The significance of the pooled ORs was checked by the Z test, and statistical significance was defined as P value ,0.05.
Cochran Q test and estimating I 2 test were used to evaluate whether the results from these studies were homogeneous [24, 25] . For Cochran Q test, P value ,0.10 suggests heterogeneity among studies. As I 2 test, I 2 value ,40% indicates ''not important heterogeneity'', while a value .75% shows ''considerable heterogeneity''. If presence of heterogeneity, the random effects model (DerSimonian Laird) was chosen. Otherwise, the fixed effects model (Mantel-Haenszel) was appropriately used to calculate the pooled ORs.
Publication bias was evaluated using the Begg-Mazumdar adjusted rank correlation test and the Egger regression asymmetry test, P value ,0.10 was considered as the representative of statistically significant publication bias [26, 27] . Sensitivity analysis was carried to assess the stability of these results. All Statistical analyses were carried out using STATA 11.0 software (STATA Corp, College Station, TX, USA).
Results
Characteristics of studies
Eligible studies were selected according to the inclusion and exclusion criteria ( Figure 1 ). Thirty-one records were excluded by reviewing article titles and abstracts, including 16 records that did not focus on breast cancer and 15 records that were systematic reviews. Then, 14 full texts and related reference lists were read. Five records were excluded: 2 records were not case-control studies and 3 records were breast cancer diagnosis and therapy studies. The article published by Alshatwi contained discrepancies between the data shown in the tables and the data described in the results section [14] ; therefore, after consultation with the author, these data were excluded. In Catucci's [19] and Linhares's [28] studies, the genotype frequencies were presented according to the subjects' country or race, as in previous reports [29, 30] ; thus in the present analysis each group was considered as an independent study. Moreover, in some included articles, if two or more miRNA SNPs were investigated in an article, each miRNA SNP was considered as an independent study. Therefore, six studies, involving 4225 cases and 4469 controls, were ultimately analyzed for the SNP (rs2910164) in miR-146a [15, 17, 19, 31, 32] ; eight studies, involving 4110 cases and 5100 controls, were performed for rs11614913 in miR-196a [17, 19, 20, 22, 28, 32] ; and three studies, involving 2588 cases and 3260 controls, were tested for rs3746444 in miR-499 [17, 19] , respectively.
Characteristics of the included studies were shown in Table 1 . These studies were published from year 2009 to 2012. The subjects came from different countries (Australia, Brazil, China, France, Germany, Italy, and USA). Ethnicity was categorized as Caucasians or non-Caucasians population. Genotyping methods included polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), TaqMan SNP genotyping assay and MassArray multiplex. Blood samples were used for genotyping in most studies. HWE was assessed by a chi-square test. The distribution of genotypes in the controls agreed with HWE (P.0.05) in most of the studies, but some parts of the data in Catucci's [19] and Linhares's [28] studies significantly departed from HWE (P,0.05). Begg-Mazumdar adjusted rank correlation test and the Egger regression asymmetry test were used to assess the publication bias of the currently available literature.
Main results
The meta-analysis results of the three SNPs in the miRNAs and breast cancer risk were shown in Table 2 . There were no significant associations between polymorphisms rs2910164 in miR-146a and breast cancer susceptibility for all genetic models.
Because the data for the Italy population group in Catucci's study [19] significantly departed from HWE (P = 0.019), we deleted the data to analyze the associations of rs2910164 in miR-146a with breast cancer susceptibility; no significant risk associations were observed between them.
When all the studies concerning SNP rs11614913 in miR-196a2 were pooled into this meta-analysis, no significant breast cancer risk was observed for any SNP genotype of miR-196a2. After excluding the Linhares's study [28] , in which the distribution of miR-196a2 genotypes in controls deviated from the HWE (P = 0.008) and the included population was mixed, we found that the heterogeneities of the miR-196a2 SNP data were reduced and the genotypic results were more credible. In the comparision of genotypes (TT+CT) vs CC, obvious heterogeneity (Heterogeneity chi-square test = 17.83, P-Het = 0.013, I 2 = 60.7%) was reduced to little heterogeneity (Heterogeneity chi-square test = 6.70, P-Het = 0.244, I 2 = 25.3%). Then, the fixed effect model was used and a significant difference was observed between the (TT+CT) genotype and breast cancer susceptibility (OR 0.906, 95% CI: 0.825-0.995, P = 0.039, Figure 2) . No significant risk associations with breast cancer susceptibility were demonstrated for the other SNP genotypes.
Three studies of polymorphism rs3746444 in miR-499 were included in the meta-analysis. No significant risk associations with breast cancer susceptibility were revealed for any SNP of the miR-499 genotypes. No subgroup analysis was performed for the limited studies.
Significant heterogeneities in the data of miR-196a2 rs11614913 SNPs were observed in Table 2 . Then sources of this heterogeneity were evaluated systematically using meta-regression. The source of heterogeneity was found to be mainly related to the article publication year (t = 4.64, P = 0.004). Because the limit of the published article number, we did not perform the subgroup analysis by publication year.
All the results for the three SNPs in the miRNAs obstained from random model or fixed model were similar. No publication bias was found in this meta-analysis using Begg's (P.0.05) and Egger's tests (P.0.05).
Discussion
MiRNAs have been linked to the etiology, progression and prognosis of cancer [33] . The gain or loss of SNPs in miRNA genes often affect the targeting gene function through the transcription [12] . To date, many studies have investigated the roles of SNPs in miRNAs in breast cancer susceptibility [14] [15] [16] [17] [18] 22, 31, 34, 35] . Among them, SNPs rs2910164 in miR-146a [36] [37] [38] , rs11614913 in miR-196-a2 [14, 17, 29, 39, 40] and rs3746444 in miR-499 [14, 19, 41] are three SNPs that are commonly found in mature miRNA regions, which may contribute to breast cancer susceptibility. However, the results remain contradictory and inconclusive [14, 19, 20, 31] . Therefore, in this meta-analysis, we further explored the associations of these three SNPs (in miR146a, miR-196-a2 and miR-499) with breast cancer risk.
Polymorphism rs2910164 in miR-146a is located in the 3p strand and comprises a G to C change, which results in a change from a G:U pair to a C:U mismatch in the stem structure of the miR-146a precursor and alters the expression of mature miR-146a to influence cancer risk [42, 43] . To further explore whether miR146a rs2910164 is associated with breast cancer susceptibility, 4225 cases and 4469 controls are investigated for miR-146a rs2910164 in this meta-analysis. Our results failed to find an association between polymorphism rs2910164 in miR-146a and breast cancer risk, similar to other studies [37, 38, 44] , but is different to Lian's report, which showed that increased risk of breast cancer was associated with the CC genotype of rs2910164 in miR-146a in Europeans [36] . The difference between our study and Lian's study may be attributed to removing or taking the Italy population data in Catucci's study [19] . In our study, we found that the Italy population data in Catucci's study deviated from the HWE (P = 0.019) and removed this data from our meta-analysis. But, this data was calculated in Europeans in Lian's study [36] .
Polymorphism rs11614913 in miR-196a2, which is located in the 39 mature sequence of miR-196a2, may affect pre-miRNA maturation [12, 17] . Li et al. reported that the expression level of miR-196a was significantly higher in hepatocellular carcinoma patients with the CC genotype (or at least one C genotype) than in patients with the TT genotype [45] . Many studies showed that individuals carrying the CC genotype could suffer from significantly elevated the risk of breast cancer, lung cancer, gastric cancer, colorectal cancer and hepatocellular carcinoma compared to those with TT or TT+TC genotypes [44] [45] [46] . When all eligible studies were pooled into this meta-analysis, no significantly increased breast cancer risk was found. After excluding the data in which genotype distribution in the controls deviated from the HWE, the heterogeneities were reduced, revealing an association of the CC genotype of miR-196a2 SNP with an increased breast cancer risk compared with the TT+CT genotypes, which was consistent with our previous finding [47] . Our results provide the compelling evidence that polymorphism rs11614913 in miR196a2 plays a crucial role in breast cancer development, and supports the view this SNP in miR-196a2 could be used as a candidate biomarker for the diagnosis of breast cancer risk. Polymorphism rs3746444 in miR-499 involves an A to G nucleotide substitution, which leads to a change from an A:U pair to a G:U mismatch in the stem structure of the miR-499 precursor [48] . A number of case-control studies have investigated the association of SNP in miR-499 with cancer risk in multiple types of cancer [46, 48, 49] . However, only a few epidemiological studies focused on the association between polymorphisms rs3746444 in miR-499 and breast cancer risk. Our meta-analysis failed to discover an obvious association between rs3746444 in miR-499 and breast cancer risk. The exact roles of miR-499 SNPs in breast cancer risk require further studies.
Sample size is an important parameter for investigating the genetic effect of any SNP. Our meta-analysis provided higher and sufficient numbers of cases and controls than a single study, significantly increasing the statistical power. In addition, we assessed the qualities of the studies in this meta-analysis, which improved the reliability of the results.
Although meta-analysis is robust, there are still several limitations in this study. First, our study did not evaluate any potential gene-gene interaction and gene-environment interactions. Second, our analysis was based on English publications, which may have introduced a language bias. Last, a lack of sufficient eligible studies limited further subgroup analyses.
In conclusion, this study demonstrates that SNP rs11614913 in miR-196a2 plays a crucial role in the development of breast cancer. We found no significant associations of polymorphisms rs2910164 in miR-146 and rs3746444 in miR499 with breast cancer susceptibility. Well-designed studies with larger sample sizes are needed to confirm the roles of these miRNA polymorphisms in breast cancer risk. 
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